Background and objectives: Methotrexate (MTX) had been used for many years and complications usually encountered during treatment especially in cancer patients. The aim of the present study was to determine the preventive and early-stage anti cytotoxic effects of green tea on the histology of the submandibular gland of rats treated by high single dose of methotrexate.
Introduction
Chemotherapy is one of the most widely used interventions for treatment of cancer. The cytotoxic effect of cancer chemotherapy is not selective for cancer cells, it also affects the normal tissues, the amount of the damage and its severity is based on the type, amount and duration of drug used to treat the disease [1] . Methotrexate (MTX), a folic acid antagonist, is widely preferred as a cytotoxic chemotherapeutic agent in the treatment of malignancies and some autoimmune diseases, but the efficacy is limited due to its side effects [2] . Several studies found that both folate and folinic acid (leucovorin) reduce methotrexate toxicity, but there is some evidence that folic acid supplements could reduce methotrexate efficacy in the treatment of cancer [3] .
It was revealed that the systemic oxidative stress is an important factors background of the MTX induced toxicity. MTX causes differential toxic effects on lipid peroxidation by significant reduction in glutathione levels leads to a reduction of effectiveness of the antioxidant enzyme defense system, sensitizing the cells to reactive oxygen species. Therefore, the antioxidants protect against oxidative stress and prevent damage to cells [4] .
Some natural products, such as green tea is demonstrated to have a protective role against oxidative stress [5, 6] . Green tea from the plant Camellia Sinensis is rich in antioxidant polyphenolic flavonoids [7, 8] . Epigallocatechin gallate (EGCG), a green tea polyphenol, possesses potent antioxidant, anti-apoptotic, anti-inflammatory, and auto antigen-inhibitory properties. It is therefore extensively studied for probable health benefits against oxidative stress-related diseases, and could normalize abnormal cell proliferation of the salivary gland [9] .
The submandibular salivary gland is considered the second largest salivary gland, it produces about 60% of saliva. Saliva has an important role to keep healthy conditions of the oral cavity. Thus, it was possible that patients with cancer therapy or radiation therapy could be suffering from secretory hypo function which may cause mucositis, rampant dental caries, infections of the mouth and pharynx as well as difficulty in swallowing, speech and taste [10] .
MTX has been used for many years, but because of the side effects, there is a continuous search to lessen its toxicity. In MTX treatment a dose-response relation exists, but the optimal dose is individually determined. There are few references light on the effect of a high dose of methotrexate on one of the vital organs of the body which is the submandibular salivary gland. Apoptosis induced may be one of the major causes of the acute injury on the submandibular salivary gland after methotrexate treatment in cancer patients. The complex relation between cell proliferation, differentiation, and apoptosis is a cardinal feature in maintenance of the normal architecture and function of the submandibular gland. Repopulation of tissue is an important feature of the recovery of the chemotherapy -induced injury [11, 12] . Ibrahim et al. [12] found that the time for a drug required to reach the maximum concentration in submandibular saliva was shorter than that in parotid saliva; for this reason the current study was aimed to investigate the potential anticytotoxic effect of green tea extract (40 mg/kg/day) on the submandibular glands of Albino rat treated with a high single dose of MTX. As variables to evaluate the grade of damage or protection, we used histological and immunohistochemical investigations to clarify its effect on cell proliferation and apoptosis.
Materials and Methods

Preparation of the extract
Daily method of tea making (household preparation) from green tea (Alwazah Swan Brand 100% pure Nett 225 g) was used to prepare aqueous extracts. The aqueous extract was prepared in ratio 1:10 with the consideration of the absorption coefficient of green tea leaves (which is 2). Five grams of dried green tea leaves were grinded to pieces of diameter lower than one mm were poured with 60 ml of boiling distilled water [13] , and time was given for the extraction to cool down and the mixture was filtered first with a fine muslin cloth under pressure and the clear filtrate was dried in a water bath at 40°C until a paste was obtained, dissolved in distal water and used at a concentration of 40 mg/kg/day [14] .
Animals and study design
Thirty six healthy Albino rats of 250 ± 25 mg weight obtained from the animal house, College of Medicine, Hawler Medical University, were used for the study and kept under laboratory conditions and housed in a temperature-controlled environment (21-24°C), maintained on a 12 hr light/12 hr dark cycle and given free access to food and water. The research project was approved by the Research Ethics Committee at College of Dentistry, Hawler Medical University under protocol.
In the pilot study, twelve animals were used to find the effect of different doses of MTX (Ebewe Pharma Ges, Austria 50 mg/5 ml) on the rat submandibular salivary gland. The animals were divided into four groups (three animals each), they received intraperitoneal injection of MTX: 10 mg/kg, 20 mg/kg, 40 mg/kg, and 80 mg/kg body weight respectively. After 48 hours, all the animals were sacrificed by overdose of anesthesia and biopsies from the submandibular glands of the animals were taken, fixed and processed for H&E.
The results of the pilot study
Results showed that when there was increase in the dose of MTX there was increase in the cytotoxic effect. After 48 hours, the MTX showed acute effect, the microscopical picture of rat's submandibular gland treated by 10 mg/kg or 20 mg/kg of MTX showed areas of hemorrhage and spaces surrounded the duct system. Acinar and duct cells swelling with involution and disfigured lobular structure of some acini, and the granules in acinus cell cytoplasm appear larger than normal ( Figures 1A and 1B) . But in the submandibular gland of rats treated by 40 mg/kg of MTX, some acini showing loss of their normal architecture, the lining cells of the acini were indistinct and showed numerous cytoplasmic vacuolations with scattered small and dark pyknotic nuclei of different size, and marked vasodilatation of the blood capillaries. The ducts become dilated with discontinuity of their epithelial lining in some areas with a morphological change in the striated ducts represented by shrinkage of the ductal cells that lead to change of these cells from columnar to cuboidal cells ( Figure 1C ).
The result of pilot study also showed that the maximum toxic effects of the drug were seen in the submandibular glands of rats treated by 80 mg/kg of MTX, as seen in the result (Figure 3 ). For this reason the other twenty four animals were randomly divided into four groups (six animals/cage):
Group 1: Vehicle treated control group: Distilled water was administered orally two times daily by intragastric gavage needle for five days, and physiological saline (0.9% NaCl) was administered intraperitoneally instead of MTX after 72 hour from the beginning of the experiment.
Group 2:
Green tea extract treated control group: The extract of green tea (20 mg/kg) was administered orally two times daily (total 40 mg/kg/day) by intragastric gavage needle for five days, and physiological saline (0.9% NaCl) was administered intraperitoneally instead of MTX after 72 hour from the beginning of the experiment. Group 3: MTX (80 mg/kg)-non green tea extract, treated group. The distilled water was administered orally two times daily for five days, and the animals received intraperitoneal injection of MTX after 72 hour from the beginning of the experiment.
Group 4: MTX (80 mg/kg) and green tea extract, treated group. The green tea extract (20 mg/kg) was administered orally two times daily throughout the five days of the experiment, but the intraperitoneal injection of MTX was done after 72 hour from the beginning of the experiment. In the fifth day of the experiment, the animals were sacrificed by overdose of anesthesia and biopsies from the submandibular glands of the animals were taken. Samples were then fixed in neutral buffered 10% formalin, processed for H&E, Masson's trichrome [15] , PAS staining [15] and for immunohistochemical analysis using Bcl-2 and Ki-67 immunolabeling.
Immunohistochemical staining
A recognized indicator of cell mitotic activity is Ki-67, an increase in Ki-67 expression is indicative of increased cell mitotic activity and proliferation. Ki-67 monoclonal antibodies detect a nuclear antigen expressed exclusively at the level of cells in the proliferation phase (phases G1, S, G2 and mitoses), but not in the G0 phase. Therefore, Ki-67 antibodies allow for the immunohistochemical determination of the tissue growth fraction [16] . Bcl-2 is important effecter gene during the apoptosis process and has been reported to prolong the survival of cells by specifically inhibiting apoptosis. The balance between mitotic activity and apoptosis is thought to regulate normal development [17] .
In the study, immunostaining for Ki-67 and Bcl-2 was performed using monoclonal Mouse Anti-Human Ki-67 Antigen, Clone MIB-1, and Code No. M 7240 staining system, and a monoclonal Mouse Anti-Human BcL-2 Oncoprotien Clone 124 Code No 1587 ready to use N-series primary antibody, for use with Dako EnVision™, EnVision™ double staining and LASAB™ 2 systems. The staining procedure sections of the instructions included with each detection system were followed. Positive and negative controls were run simultaneously with biopsy specimen.
Positive cells expressing Ki-67 were identified by a brown precipitate in the nucleus except in mitotic cells, where the chromosomes and the cytoplasm are labeled, while Bcl-2 was demonstrated brown cytoplasmic staining. To ensure the objectivity of the analysis, the evaluation was carried out by two independent observers. Five sections were randomly chosen for each animal. Approximately 1000 cells from cell population were counted by two observers at a magnification of 400x (Olympus, Japan) and the percentages of Ki-67 and Bcl-2 positive cells were calculated. The level of Ki-67 and Bcl-2 expression was evaluated according to the scoring system of Seleit et al. [18] . The application of this system gives a score ranging from 0 to 3 for both degree of positivity: percentage of positively stained cells [(absent: <1%), (mild: 1-10%), (moderate: 10-50%), (strong: >50%)]. The ANOVA test was used to compare the results of Ki-67 and Bcl-2 staining. Level of significance was set as p ≤ 0.01.
Results
Anatomical and microscopical features of rat's submandibular salivary gland in the control groups
Careful removal of the skin of the neck and the face reveal the presence of the salivary glands. Rat sublingual glands are located together with the submandibular glands on the sides of the neck between the submandibular lymph nodes and the sternum. Both glands were included within a common connective tissue capsule. They were separated from each other by fine connective tissue septa. The submandibular glands in the control groups were composed of crowded serous acini only and not more types that in most mammals (Figure 2 ), there are no mucous or serous demilunes, the serous acini had narrow lumen and lined by pyramidal cells with pale basophilic granular cytoplasm and basal rounded nuclei. The duct system consists of intercalated duct, granular convoluted tubules, striated and excretory ducts. No differences in the microscopical pictures of rat's submandibular glands of both control groups were seen.
The submandibular salivary gland in the methotrexate (80 mg/kg)-non green tea extract, treated group
Microscopically, severe focal areas of acini destruction can be seen especially near the large ducts, swelling and increase in the sizes of some acini were also seen. The serous cells showed deeply stained atrophied nuclei, different cell sizes (anisocytosis), and different nuclear sizes (anisonucleosis). Giant nuclei and marked congestion of the blood capillaries were also seen. The cytoplasmic vacuolation in acinar and ductal cells were increased with destruction in some duct walls ( Figure  3 ).
The submandibular salivary gland in the methotrexate (80 mg/kg) and green tea extract, treated group
Microscopical picture revealed marked improvement in cells of acini as well as cells of ducts lining, and the acini relatively preserved their shape. The numbers of vacuoles decreased and well formed striated ducts were also detected. They restored their basal striations and had intact epithelial lining. The intercalated ducts were noticed in between the acini. The granular convoluted tubules were lined by simple columnar epithelium with eosinophilic cytoplasm and basal rounded nuclei. Blood vessels were seen around these ducts, no congestion or areas of hemorrhage were seen (Figure 4 ). showing regular structured acini (arrows) (A1, H&E ×100; A2, H&E ×400). The collagen fibers are distributed in the stroma between the acini and duct (A3, Trichrome ×100). Strong positive PAS reaction in striated duct (upper arrow) and acini (lower arrow) which is observed more at their basement membrane (A4, PAS ×400). Moderate Ki-67 immuno reactivity in nuclei of cells of ducts and some acini in the first and second group respectively (A5, A6), and moderate cytoplasmic reaction to Bcl-2 mostly seen in association with duct's cells in the first and second group respectively (A7, A8), (immunohistochemistry ×400). between group1 (17.31 ± 3.538) and 2 (18.969 ± 2.542) regarding the Bcl-2 immune expression. But there was a statistically significant difference present (P<0.01) between group 3 (0.466 ± 0.320) and the other groups in terms of the rate of anti apoptosis, but a statistically no significant difference (P>0.01) was observed between group 1 or 2 and group 4 (19.75 ± 4.239).
Discussion
The result showed that the rat's submandibular gland contain serous acini only, this results disagree with that of Ahmad [19] in which they found that it was mixed salivary gland, but agree with the result of Miclaus et al. [20] . They reported that the acini of submandibular glands of rats had the feature of serous acini, similar but not identical with those from parotid gland. In addition of excretory channels present in mammalian salivary glands, in submandibular gland of the rats there's one more type of channels, named granular channels. Cells from walls of granular channels contain numerous polymorphous intra cytoplasmatic granulations which suggest that they have an intense secretory activity. Authors added that granulations from cytoplasm of cells from granular channels are different from those of the acini structure and their secretion is muco-proteic. By mixing serous secretions of acini with that muco-proteic of the granular channels cells, resulted in a mixed final secretion which make us to consider submandibular gland of the rat a mixed particular gland.
The salivary glands have become a useful investigative tool for the study of basic problems in pharmacology [21] . Despite the low mitotic rate, the salivary gland tissue loses its function regularly with significant reduction of saliva production after exposure to Histopathological examination of the submandibular glands that were excised from the rats in all groups showed no evidence of collagen fiber breakdown, fibrosis, or an increase in inflammatory cells. A PAS positive reaction produces an intense magenta color, mainly indicating the presence of glycoprotein and glycogen. Only sections in the submandibular salivary gland of control groups albino rat's and in the methotrexate and green tea extract treated group showed strong positive PAS reaction, appear in both ducts and acini which is observed more at their basement membrane (Figures 2 and 4 ).
Immunohistochemical results
The Ki-67 immunostaining results in the methotrexate and green tea extract treated group showed mild positive Ki-67 immunoreactions in the nuclei of acinar and ductal cells. This may suggest both the undamaged parenchymal and ductal cells attempts for regeneration and proliferation ( Figure 4A5 ). There was a statistically no significant difference present (P>0.01) between the group1 (22.166 ± 2.483) and 2 (21.692 ± 1.658) regarding the Ki-67 immune expression. But there was a statistically significant difference (P<0.01) present between group 1 or 2 and the other two experimental groups in terms of the rate of proliferation, but a statistically no significant difference (P>0.01) was observed between group 3(1.246 ± 0.624) and 4(1.966 ± 0.628).
The Bcl-2 immunostaining results in the methotrexate and green tea extract treated group showed moderate positive Bcl-2 immunoreactions in the cytoplasm of most ductal cells ( Figure 4A6 ). There was a statistically no significant difference present (P>0.05) A1 A2 A3 A4 A6 Figure 3 : A photomicrograph of a section in submandibular gland of rat treated by 80 mg/kg methotrexate, showing swelling (upper arrow) and disarrangement of some acini (lower arrow) (A1, H&E ×100). Severe cellular changes with irregular configuration of the acini and detached acinar cells, some cells showed increased nuclear cytoplasmic ratio, hyper chromatic nuclei and extreme anisonucleosis, interacinar oedema and signs of intracellular vaculation (A2, H&E ×400). The collagen fibers seen distributed in the stroma in between the acini and duct, with destruction in duct wall, (arrow) (A3, Trichrome ×400). PAS -stained tissue showing duct cells with increase in nuclear cytoplasmic ratio, dense nuclei and lost cytoplasm (arrow), acinic cells shows vaculation with loss of some nuclei (A4, PAS ×400). Mild Ki-67 immuno reactivity(arrow) in nuclei of few cells (A5) and negative cytoplasmic reaction to Bcl-2(A6),(immunohistochemistry ×400).
A1 A2
A3 A4 A5 A6 Figure 4 : A photomicrograph of a section in submandibular gland of the methotrexate and green tea extract treated group showing well formed acini and duct lining (A1, H&E ×100). The collagen fibers are distributed in the stroma between the acini and ducts, intact multiple granular convoluted tubules and intact duct lining are seen, no congested blood vessels were found (A2 Trichrome ×100, A3, Trichrome ×400). Strong positive PAS reaction in the ducts and acini with more concentration at their basement membrane, (arrow) (A4, PAS ×400). Mild Ki-67 immuno reactivity in nuclei (arrows) of some acinar cells (A5) and moderate positive cytoplasmic reaction in duct's cells to Bcl-2(A6), (immunohistochemistry ×400).
chemotherapeutic doses like methotrexate, a folic acid antagonist [22] . In the present study, one dose of injected methotrexate had adversely affected the histological structure of the rat submandibular glands, this could be due to suppression and/or disruption of protein synthesis through depletion of foliate co-factors, this can lead to formation of cytolysosome, may be an evidence of the distinctive process of apoptosis, the apoptotic bodies which are found in small numbers in normal tissues are greatly increased in tissues which have been subjected to chemotherapy [1] . Damaging of the salivary gland (acinar and ductal cell vacuolization, apoptosis in the acinar cells with pyknosis in the nuclei) following methotrexate treatment might be also related to the free radical damaging effect. These free radicals released during the intracellular metabolism of MTX, which interacts with the cell membrane, causing membrane lysis and release of major scavenger enzymes (glutathione based enzymes) such as (glucose 6-phosphate dehydrogenase and glutathione reductase) into the serum. This affects the physiological level of this antioxidant enzyme in serum and gives an indication of an adverse effect of MTX on cellular integrity [23] . But Wolff et al. [24] found that 18 hour after (15 mg/kg, i.p.) MTX administration no salivary effects could be detected consistently and this dose do not exert an acute cytotoxic effect on tissue with a slow turnover rate like the salivary glands.
The result also showed that the severity of pathological changes increased as chemotherapeutic doses increased. This comes in agreement with the result of Ozel et al. (25) .The enlargement of the acini might be due to dysfunction of the gland and disturbed salivary secretion leading to accumulation of the salivary secretion in the acini following by its swelling. Some ducts showed dilation with retaining secretion in their lumen, this dilation of ducts suggested the pathological effect of MTX on myoepithelial cells embracing them with failure of expelling the secretion into the oral cavity as a result of glandular dysfunction leading to xerostomia. Mahmoud et al. [25, 26] found that the rabbits when injected with (15 mg/kg, i.p.) MTX for two weeks, the same result appears.
The extent of damage in the salivary gland tissue of rats treated by high dose of MTX depend on the size of the affected duct, this comes in agreement with the results of Al-Moula et al. [1] . The accumulation of secretory material within the cytoplasm of acinar cells led to degenerative changes in the acinar cells that frequently resulted in cell death and replacement of secretory cells by connective tissue elements. Granular changes were observed in the cytoplasm of acinar cells in the submandibular gland of the rats in methotrexate treated group. The secretory granules in the serous cells include many proteolytic enzymes and heavy metals. This condensation in the granules indicates non-specific cytoplasmic degeneration and shows reversible cellular damage [25] .
To our knowledge no investigation using green extract to fight the cytotoxic effect of a high toxic dose of MTX on rat submandibular salivary gland has been performed. In the present study, the combined treatment of MTX and green tea extract ameliorated the histological changes in salivary gland tissue induced by MTX alone. The antioxidant properties, reactive oxygen species scavenging, and cell function modulation of flavonoids could account for the large part of pharmacological activity of green tea [27] .
The data presented in our study showed that green tea cause non significant increase the expression of Ki-67, and significant increase in the antiapoptotic activity in the glands in relation with the methotrexate group. Previous report found that EGCG significantly inhibited TNF-α induced apoptosis in human salivary gland acinar cells in vitro. This inhibitory effect on apoptosis could be due to modulation of MAPK signal to interrupt an apoptotic signal [28] . So with the administration of green tea extract that protects salivary gland from apoptosis by increasing significantly the anti apoptotic activity, it can be used as a criterion and can be used as, a novel approach to decrease the cytotoxicity of methotrexate on submandibular gland. As suggestion, the same study is needed to be repeated on human. Sawyer and Ratain [29] advocate the use of body surface area (BSA) as a factor when converting a dose for translation from animals to humans.
Conclusion
The beneficial effect of green tea aqueous extract at a concentration of 40 mg/kg/day against MTX induced cytotoxicity in the submandibular salivary glands of rats stem from its antiapoptotic effect and therefore can be used as a protective natural product to the salivary glands in individuals undergoing cancer therapy.
